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(54) VINYLIDENE FLUORIDE RESIN COMPOSITION 

(71) We, KUREHA KAGAKU KOGYO KABUSHIKI KA1SHA, a 
Japanese company of 8, Nihonbashi Horidome-Cho 1-Chome, Chuo-Ku, Tokyo- 
I o, Japan, do hereby declare the invention, for which we pray that a patent may be 
granted to us, and the method by which it is to be performed, to be particularly 
described in and by the following statement:— y 
Jhcpresent invention relates to vinylidene nuoride resin compositions which 
are highly flexible and highly resistant to thermal ageing 

Filaments of vinylidene fluoride resin have heretofore been used mostly for 
fishing lines. When a filament of vinylidene fluoride is wound on a spool it tends to 
develop a curl, because the resin has a high Young's modulus and does not 
straighten out when immersed in water. Therefore attempts have been made to 
produce a vinylidene fluoride resin filament which is more flexible and which does 

n^t?.icIr a n^ Url ? P . 35 the purc P 0 }*™* °y incorporation thereinto of a 
plasticiser. Unfortunately conventional plasticisers tend to bleed out and give little 
15 benefit as regards the properties of the resin, and especially in the case of filaments 15 

this is a serious problem on account of the high surface area to volume ratio of a 
filament. 

Known methods of imparting flexibility to a resin include the addition of a 
plasticizer which is not a polymer, blending the resin with other polymeric 
20 ma eria , preparing the resin in the form of a copolymer with other polymeric 
materia and chemically modifying the resin. Of these, the addition of a plasticizer 
or the blending of the resin with other polymeric materials probably constitute the 
most convenient methods of imparting flexibility to a vinylidene fluoride resin 
because these methods merely involve blending processes 

n „ £ n,y a - CW materia,s ' however, are known to be compatible with vinylidene 25 

rp U MMi/ri n ; Af l CXam P le ,° f SU ? h u a material is P°WthyI methacrylate 
(PMMA). Certain low molecular weight materials which are known to be soluble 

i" ^Tu , "^njfc rc ?"?" re Phthalic esters such as dimethyl phthalate (DMP) 
and dibutyl phthalate (DBP). It has been found, however, that mixture^ 
30 vinylidene nuoride resin with any of these materials have serious disadvantages 30 
For example, in the case of PMMA, mixing of this with vinylidene fluoride resin 
does not provide the desired improvement in flexibility, and PMMA is thus useless 
for this purpose Again, whilst DMP and DBP can impart a certain degree of 
<K S!s!!& a 1° v,n .y ,ldc u nc fluoride resin when incorporated therein, each of these 
35 materials has a low boiling point at about 300°C. As a result, when a vinylidene 35 
Uuoride resin, into which an appropriate amount of DMP or DBP has been 
incorporated, is melt-extruded at a temperature of the order of 300°C, the DMP 
and DBP vapounze off, and it is therefore impossible to control accurately the 
amount of these materials which are ultimately found in the extruded product 

K rniOrC r,- 0lh ? MP a ? d DBP tend 10 bleed oul in a significant amount with 
the elapse of time after melt-extrusion of the resin. Accordingly, DMP and DBP 

vii^ use as p,asticisers for fc*«y * 

Other materials known as plasticizers and which are compatible with 
vinylidene fluoride resin and are capable of imparting flexibility thereto, are 
polyesters having a molecular weight of between 1,100 and 5,000, which are 
obtained from an acid having from 4 to 8 carbon atoms and an alcohol having from 
4 to 7 carbon atoms (see for example U.S. Patent No. 3,541,039). However in 
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tfriJ!? ^FJfK**" ,end u t 1 ° b ' eed ° ul a significant amount with the elapse 
of time, and are thus unsuitable for the presently described use 

as a result of studies carried out on various other polyesters in seekine to find 

• P 0 ^ 1 " 5 al , Present commercially available as high molecular weight 

of £ 7™ 5* r^' ng !t 0m 1 10 S ca . roon atoms and hav >"8 * molecular weight 
or rrom I 500 to 4,000. and each end of the chain of said polyester terminated 7,:, 

mkagei in a «L rou P derived from * monobas cac id Having TromTto 3 
W e tt%oLT,h 0 ? ydri K C a) ? 0h ° l navin « > «o 3 carbon atoms ° 3 

erminates in end groups as described pmnaS^i^SS^Si&£££^ 
h a v<.' n r Venl J 0, ! ar V hu i cxcellent •» PtaaWan for vin^ dene flSe resSs We 
have found also that the compatibility of these polyesters with "inyMe^ n^Zt 
resm depends upon the number of carbon atoms 8ffidMffiS5£lft2n 
which recurring ester units of the polyester is derived as welf as unon X 

. There is a practical difficulty from the point of view of loss oT the nolvest" on 

polyester per 10 PHR with respect to 00 parts by weight of vinvlid/ne ilunriri!! 
SeVTflO ^ rt ? ? W i,io " "ntiiningfeis than I part by weYghT of poWesS r 
per 100 parts by weight of resin does not have the characteristic features desired 
for the product as outlined previously, it is necessary ma The quantity of [ne 

tfSShVS ioo h ZT S,l,0n 1 ! i r mion ° e therefore froTri^lO pam 

ThV JifJlilSS P n S b Z Welght °- f v,n y |,de "e fluoride resin. P 
invent S»M? ," uorldc t res ' n f ° r «« ™ the compositions of the present 
invention preferably has an inherent viscosity n; of from 0 7 to 2 Oas measured n". 

"moeraiurey/o-r a"*" !V ^"hylf^amide solutL of 0.4 ^dt'at a 
S ft? .« iB- C * ""J?*™ nuo«de resin having an inherent viscosity of 

^"Jiicsttffij^^" — 

of P ™iS*,te" of™" li0n " """" a " d ,hc r °'""* i "« I 1 *"* """H" 

< . , Example 1. 

. ? P a ? s °y. we .'8 ht of each of various polyesters was blended with 100 Darts bv 

resulrine re^r/n'^ 6 -.- U ° ride resi V ha ™« «" inherent viscosity of im The 
res,n compositions were each roll-kneaded at a temperature of I9u"c 

shee 05 'mmthic'k 'll^T* H 22 °° C and 3 pressure ^ k^cm' mo a 
sneet to mm thick. The pressed sheet was interposed between two sheets of 
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Indian paper, and the resulting sandwich was left in a dry hot atmosphere at 80°C 
under a load of 0.1 kg/cm 2 for seven days and subsequently examined to determine 
the quantity of polyester which had bled out. The results are shown in Table 1. 
From Table 1 , it is apparent that the use of polyesters according to the present 
3 invention results in much lower rates of loss of polyester from the resin 

composition than does the use of commercially available polyesters (which 
polyesters generally have either end groups containing more than 3 carbon atoms 
or a molecular weight below 1500), and that the former polyesters are suitable 

in while the latter polyesters are unsuitable for use as plasticizcrs in vinyiidene 

10 fluoride resin compositions. 
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It is apparent from Table 3 that the polyester used in accordance with the 
P"*"' '"vention even when present in a stretched filament of the Tres "-po lyester 
™K! !?" CX! " b, i S ""e^WMty wi* the vinylidene fiuoride resin and 
* Si 1 " 1 ' age "i 6 dc 8,radation. Further, the use of such polyesters as a plasticizer 

5 pfo'perty KSinV'S redUCt '° n " kn0t Strength Which is an * 

Example 4. 

The spun filaments obtained in Example 3 containing 5 Darts bv weight of 

io fSSKSHSTSrt and n ored for a period of one ■KfSKffSiS 

P f«?»' ^ . the s r l, : e n lched filaments was wound in a single ply on a tube having 10 
an outer diameter of 30 mm. and the resulting assembly wis left in the Gear oven 

tLTST^ ° f T C f ° r 48 „ h °o UtS - Thc ^ serabl y was the " removed "on? th" 
oven and the filament unwound. One end of the unwound filament was lightlv 
clipped at its upper end and freely hung from that end. The filament w^en cut 
15 liL*^ 4 7 an " C . r ^i 0 u lcave han 8' n 8 a portion measuring 1 metre in length from 15 

he clipped point and the vertical distance from the clipped end to the free end of 
the portion was measured as an indication of the curling property of the filament- 
•twas 72 cm. For a filament containing no polyester the vertical distance was 55 

20 Another sample was tested for this property of curling under the same 20 

conditions except that the polyester used was H-fA G — PG4-AG— H as usedin 
Experiment No. 9 of Table I. The measured disttnce in thisVase was 59 cm. 

WHAT WE CLAIM IS:— 

1. A vinylidene fiuoride resin composition comprising a vinylidene fiuoride 

EMfV P0,yeS i? """Pnamg f L chain w ^ eontainf recurring "Iter units 
obtained from a dihydnc alcohol having from 2 to 4 carbon atoms and a 
dicarboxyhc acid having from 4 to 6 carbon atoms, said polyester having a 
molecular weight of from 1,500 to 4,000, and each end ofthe chain of said 
P °3fi?w te " ninat , ln 8-, via ■? ester linka ge. in a group derived from a monobasic 
acid having from 1 to 3 carbon atoms or.a monohydric alcohol having from I to 3 
carbon atoms, the composition containing, per 100 parts by weight of the 
vinylidene fiuoride resin, from 1 to 10 parts by weight of the polyester 

2. A composition according to claim 1. wherein the vinylidene fluoride resin 

35 ?«in in'". ^ nt ,K ,S . C ? SIty ° f £ 0m ?- 7 t0 2 ? 5 s mea s«red at a concentration of the 

J5 resin in a dimethyl-formamide solution of 0.4 g/dl at a temperature of 30 8 C 35 

3. A composition according to claim 2, wherein the vinylidene fluoride resin 
has an inherent viscosity of from 0.8 to 1 .8 as measured at a concentration of the 
resin in a dimethylformamide solution of 0.4 g/dl at a temperature of 30°C 

40 v^'gff&SF**' '° ° f 1 '° 3 ' Wherei " thc P 0,Vester is m 



25 



30 



O O 
11 ii 
CH 3 — C— Oi-PG— AG ^PG— O — C— CH, 



O O 
" II 
CH.-C-O-f-PG— AG-hPG-O— C-CH, 



^!! n . P ^ re P resents a Propylene glycol radical and AG represents an adipate 
radical, said polyester having a molecular weight of 2,300 

50 expre'ssed^Te'&u^'" 8 " ° f C ' aimS ' '° 3 ' Wherein the P° ,yeSter is 



O O 
11 II 
CH,— C— O-^PG— AG-^PG— O— C— CH, 



25 



30 



«!2£3 n P ^ re P resents a propylene glycol radical and AG represents an adipate 
radical, said polyester having a molecular weight of 1 700 

45 ~^%g££Z** l ° ^ ° f Cl3imS ' 10 3> ^"^ thC P0,yeSUr is 45 
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Example 2. 

Examp e was measured immediately afte ^shapTns and afte?th^ *** ° f 

respect.vely. according to ASTM, Ml£^^!^^g** 



TABLE 2 









Addition 
quantity 
(PHR) 


Young's modulus 
of elasticity 
(kg mm 4 ) 




Experiment No. 
of Example I 


Initial 


after 
7 days 


Note 


(no polyester 
addition) 


0 


128 


130 


Control 


No. 9 


5 


100 


115 


Control 


No. 10 


5 


98 


105 


Present 
invention 


No. II 


5 


102 


104 


Present 
invention 


No. 13 


5 


103 


105 


Present 
invention 



x inn • Example 3. 

o o 

II „ 
CH,-C— 0-(-PG— AG-^PG— O— C— CH, 

S£S Bat/Si^ an ^ ipa,e radical - in v™*™ 

calculated in terms of SfirfPft ^'Sf^iSS??**"*"* 

TABLE 3 



Quantity of 
polyester used 
(parts by weight! 


Young's modulus of elasticity 
(kg mm*, at 23 -O 


Knot strength 

(kg mm 2 ) 
After storage 
at MV C for 


Immediately 

after 
stretching 


After storage 
at 60 J C for 
one month 


0 


270 


275 


58.0 


3 


230 


235 


57.2 


5 


200 


205 


56.6 


7.5 


185 


195 


56.1 


10 


160 


170 


55.3 
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wherein PG represents a propylene glycol radical and AG represents an adipate 
radical, said polyester having a molecular weight of 3,000. 

7. A composition according to any of claims 1 to 3, wherein the polyester is 
expressed by the formula: 

O O 

(! II 

5 CH 3 — C — O-f-B u — AG -^B u — O — C— CH, 5 

wherein Bu represents a butanediol radical and AG represents an adipate radical, 
said polyester having a molecular weight of 1,600. 

8. A composition according to any of claims I to 3, wherein the polyester is 
expressed by the formula: 

O O 
ii (I 
10 H — C — O-t-PG — AG-)^PG — O — C — H 10 

wherein PG represents a propylene glycol radical and AG represents an adipate 
radical, said polyester having a molecular weight of 2,100. 

9. A composition according to any of claims 1 to 3, wherein the polyester is 
expressed by the formula: 

O O 

H II 

15 C2H5 — C — 0-(-PG — AG-)^PG — O — C — C,H 3 15 

wherein PG represents a propylene glycol radical and AG represents an adipate 
radical, said polyester having a molecular weight of 1,800. 

10. A vinylidene fluoride resin composition according to claim 1 and 
substantially as herein described with reference to the Examples. 

ELKINGTON & FIFE, 
Chartered Patent Agents, 

High Holborn House, 

52/54 High Holborn, 

London WC1V 6SH. 
Agents for the Applicants. 
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